Clinicopathologic features predictive of patient outcome in upper urinary tract urothelial carcinoma are not well defined. The aim of this study was to assess the role of pT classification, tumor grade, and vascular invasion in predicting metastasis-free survival. A total of 190 consecutive invasive upper urinary tract urothelial cancers operated between 01/1984 and 12/2004 were re-evaluated with respect to pT classification, tumor grade (according to the three-tiered WHO 1973 and the recent two-tiered grading system following the WHO/ISUP consensus classification), as well as presence of lymph and/or blood vessel invasion. Prognostic impact was analyzed using the Kaplan-Meier method and the Log-Rank test. For multivariate testing, a Cox's proportional hazards regression model was used. pT1 was present in 81 (43%), pT2 in 29 (15%), pT3 in 73 (38%), and pT4 in seven (4%) cases. There were 12 (6%) G1, 96 (51%) G2, and 82 (43%) G3 tumors or 84 (44%) low-grade and 106 (56%) high-grade tumors according to the two-tiered system. The presence of vascular invasion in 72/190 (38%) tumors was associated with high pT classification (Po0.001) and high tumor grade (Po0.001). Disease progression occurred in 39% of patients, with 5-and 10-year metastasis-free survival rates of 56 and 45%, respectively. On univariate analysis, all investigated parameters showed prognostic significance. The negative influence of vascular invasion on patient outcome was strikingly strong in high pT classification and high-grade cancers. On multivariate analysis, pT classification (Po0.001) and vascular invasion (Po0.001) proved to be independent prognostic factors, whereas tumor grade according to the two-tiered system missed statistical significance (P ¼ 0.06). In conclusion, pT classification and vascular invasion are independent prognostic factors with respect to metastasis-free survival and should be used to guide adjuvant therapy strategies in affected patients. Presence (or absence) of vascular invasion should be commented upon separately in the pathology report.
A significant proportion of patients with upper urinary tract urothelial carcinoma (UC) eventually die of the disease due to unrecognized and untreated nodal or distant metastasis present at the time of surgery, indicating the importance of adequate adjuvant therapy strategies for patients at high risk of failure. Initial tumor stage and tumor grade have been documented as major prognostic factors. However, validity of most studies is limited due to inclusion of noninvasive (pTa) cancer cases and/or small sample size. Thus, to the best of our knowledge, there are only two systematic studies involving more than 100 invasive cancer cases including both univariate and multivariate statistical analyses with respect to recurrence-free and disease-specific survival. 12, 24 Moreover, the assessment of tumor grade may show considerable observer variation, 26 and the new two-tiered WHO grading system 27, 28 has only rarely been applied with respect to prognostic impact in upper urinary tract UC. 22, 24 Thus, other factors accurately predicting the biological potential of this malignancy are required to select candidates for adjuvant therapy. Vascular invasion has been identified as a promising additional marker. 11, 14, 17, 23, 24, 29 However, a systematic analysis of lymph and/or blood vessel invasion with respect to prognostic impact along different pT classifications and grades of both pelvic and ureteral UCs has not yet been performed. Therefore, our study aimed to evaluate the prognostic influence of possible conventional variables, such as pT classification, tumor grade, tumor location, as well as lymph and/or blood vessel invasion, on metastasis-free survival in a large series of consecutive patients with upper urinary tract cancer.
Materials and methods

Patient Selection and Tissues
A total of 268 consecutive upper urinary tract UCs (169 pelvic and 99 ureteral tumors) from 239 consecutive patients (108 female and 131 male subjects) operated between 01/1984 and 12/2004 were retrieved from the archives of our institute. In a first step, all noninvasive cancers (41 tumors) and in a second all tumors from patients with multiple invasive cancers (37 tumors; since it is impossible to decide which of the UCs is responsible for disease progression) were excluded leading to a final sample of 190 UCs (134 pelvic and 56 ureteral tumors) from 190 patients (77 female and 113 male subjects) that were included in the investigation. Mean and median age of these patients was 70 and 71 (range 39-89) years, respectively. Patients either underwent nephroureterectomy with bladder-cuff resection (n ¼ 130), nephrectomy alone (n ¼ 40), or distal ureteral resection with reimplant (n ¼ 20). Patients did not receive adjuvant therapy. Follow-up regimen included abdominal ultrasound and cystoscopy at 3-month intervals for the first 3 years, 6-month intervals for the subsequent 2 years, and yearly thereafter, as well as chest X-ray and computerized tomography at 6-month intervals for the first 3 years and yearly thereafter. In all, 54/190 (28%) patients developed superficial bladder recurrence, which was not considered in the metastasis-free survival calculation since it had no impact on patient outcome in the study population (data not shown). All procedures were in accord with the ethical standards established by our institution. Informed consent is not required for retrospective analyses dealing with archival material obtained during routine medical treatment.
All tumor specimens had been examined according to the same protocol. The charts with the original macroscopic descriptions and the hematoxylin and eosin (H&E)-stained slides from routinely formalin-fixed and paraffin-embedded material were systematically re-evaluated by one pathologist (CL), with special expertise in the field of uropathology, who was blinded to the regional lymph node status and the subsequent disease course. pT classifications were adjusted according to the UICC 2002 issue of the TNM system. 30 In addition, pT3 tumors of the renal pelvis were subdivided regarding different patterns of tumor involvement as follows: (i) tumors invading renal parenchyma on a microscopic level only, (ii) tumors with macroscopic renal parenchyma invasion discerned from the gross appearance of the resection specimen, and (iii) tumors with spread into peripelvic fat. Grading was performed according to the three-tiered WHO guidelines published in 1973 31 and the recent two-tiered WHO system 27 for the grading of urothelial cancers which follows the WHO/ISUP consensus classification published in 1998. 28 In a last step, the slides were examined with respect to lymph vessel (L1) and/or blood vessel (V1) invasion. Only vessels with an unequivocal endothelial lining were considered true lymphatic vessels ( Figure 1a ). When carcinoma was present in vessels with a thick vascular wall and red blood cells in the lumen, this was considered blood vessel invasion (Figure 1b) . 
Statistical Analysis
Associations between pT classification, tumor grade, and vascular invasion were analyzed using the Fisher's exact test. Metastasis-free survival was assessed by the Kaplan-Meier method and compared by the Log-Rank test. For multivariate testing, a Cox's proportional hazards regression model including patient age, gender, pT classification, tumor grade, vascular invasion, and tumor location (pelvic vs ureteral) was performed. All P-values were two-sided with significance at Po0.05.
Results
Pathological Findings
Overall, classification pT1 was present in 81 (43%), pT2 in 29 (15%), pT3 in 73 (38%), and pT4 in seven (4%) cases. With respect to the different subcategories among the 57 pelvic pT3 UCs, 13 (23%) tumors showed microscopic infiltration of renal parenchyma only, whereas 33 (58%) tumors infiltrated the renal parenchyma on a macroscopic level. A total of 28 (49%) of the latter additionally invaded peripelvic fat. The remaining 11 (19%) tumors showed fat invasion without evidence of renal parenchyma infiltration.
According to the WHO 1973 grading system, 12 (6%) tumors were well differentiated (G1), 96 (51%) moderately differentiated (G2), and 82 (43%) poorly differentiated (G3). Regarding the recent two-tiered system, 84 (44%) tumors were of low tumor grade and 106 (56%) of high tumor grade. All former G1 tumors were included in the new low-grade and all former G3 tumors in the new high-grade category. With respect to former G2 tumors, 72 (75%) were reclassified as low-grade cancers and 24 (25%) tumors as high-grade cancers ( Figure 2 ). Low tumor grade was associated with low tumor classification (71/110 (65%) pT1/pT2 vs 13/80 (16%) pT3/pT4, Po0.001), and high tumor grade was associated with high tumor classification (39/110 (35%) pT1/ pT2 vs 67/80 (84%) pT3/pT4, Po0.001). In total, 72/190 (38%) upper urinary tract UCs showed lymph vessel (L1) and/or blood vessel (V1) invasion (Table 1 ). The presence of vascular invasion was associated with high tumor classification (17/110 (15%) pT1/pT2 vs 55/80 (69%) pT3/pT4, Po0.001) and high tumor grade (7/84 (8%) LG vs 65/106 (61%) HG, Po0.001).
Clinical Findings and Survival Analysis
Follow-up data were available from 182/190 (96%) patients. After a mean follow-up of 48 months and a median follow-up of 31 months, progressive disease was observed in 71/182 (39%) patients including 57 patients who died from cancer and 14 patients who currently are alive with metastatic disease. Mean time to progression was 19 months (median 8, range 0-110). Actuarial overall and metastasis-free survival rates were 63 and 56% at 5 years and 52 and 45% at 10 years, respectively.
The development of distant metastases was associated with high tumor classification (9/80 (11%) pT1 vs 62/102 (61%) pT2-pT4, Po0.001; Figure 3a and b; Table 2 ). Median metastasis-free survival of patients with pT1 tumors was 110 months, compared with 29 months for patients with pT2-pT4 tumors. Disease progression was also associated with high tumor grade (23/105 (21%) G1-G2 vs 48/77 (62%) G3, Po0.001 or 12/81 (15%)
LG vs 59/101 (58%) HG, Po0.001; Figure 3c ; Table  2 ). Median metastasis-free survival of patients with low-grade UC was 102 months, compared with 31 months in patients with high-grade UC. Regarding the different tumor locations, comparable data were noted for both pelvic (14% pT1 vs 63% pT2-pT4, Po0.001; 22% G1-G2 vs 63% G3, Po0.001; 18% LG vs 63% HG, Po0.001) and ureteral (7% pT1 vs 54% pT2-pT4, Po0.001; 21% G1-G2 vs 40% G3, P ¼ 0.04; 8% LG vs 47% HG, Po0.001) tumors. Comparing the two different grading systems, the recent two-tiered system appeared to be superior with respect to ureteral UCs. Moreover, regarding moderately differentiated (G2) UCs, 12/70 (17%) tumors reclassified as low-grade cancers following the new system developed metastatic disease compared to 11/24 (46%) tumors reclassified as highgrade cancers (Po0.001; Figure 3d ), indicating another possible advantage of the new system. Looking at the subcategories of pelvic pT3 UCs, 3/13 (23%) patients with tumors showing only microscopic invasion of renal parenchyma developed metastatic disease compared with 34/40 (85%) patients with tumors showing macroscopic invasion and/or spread into peripelvic fat (Po0.001; Figure 3e ). Eight tumors showed continuous tumor growth within collecting duct lumina, however, without penetration of the duct basal membrane. These tumors were not classified as pT3, and no disease progression was observed among them. Finally, disease progression was associated with the presence of vascular invasion (19/114 (17%) L0 and V0 vs 52/68 (76%) L1 and/or V1, Po0.001; Figure 3f ). Median metastasis-free survival of patients with UC with vascular invasion was 15 months, compared with 110 months of patients with UC without vascular invasion. Regarding the different tumor locations, again comparable data were noted for pelvic (Po0.001) and ureteral (Po0.001) tumors ( Table 2 ). The negative influence of vascular invasion on patient outcome was noted in all pT classifications and grades, but was more pronounced in high classification and high-grade cases (Table 3) . No significant prognostic influence was observed for tumor location, patient age, and gender. Overall vascular invasion (L1 and/or V1) related to tumor classification (pT1-pT4) and tumor grade according to the WHO 1973 (G1-G3) and the recent two-tiered WHO grading system (low grade vs high grade).
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In multivariate analysis, pT classification 41 (Po0.001, risk ratio (RR) ¼ 4.4, 95% confidence interval (CI) ¼ 2.0-9.9) and vascular invasion (Po0.001, RR ¼ 5.8, 95% CI ¼ 2.9-11.5) proved to be independent predictors of metastatic disease. Patients with high-grade tumors according to the two-tiered system were more likely to develop metastatic disease than patients with low-grade tumors, but this difference was not statistically significant (P ¼ 0.06, RR ¼ 2.1, 95% CI ¼ 1.0-4.5). No independent influence on patient outcome was observed applying the WHO 1973 grading system (P ¼ 0.3, RR ¼ 1.4, 95% CI ¼ 0.8-2.6 for G42). 
Discussion
According to literature data, nodal and/or distant metastases occur in 19-54% of upper tract cancers. 2, 8, 11, 12, [14] [15] [16] [17] [18] [20] [21] [22] [23] [24] [25] 29, [32] [33] [34] Thus, the identification of independent prognostic variables is an essential step to predict disease evolution, thus aiding surveillance strategies, and also to identify patient subgroups that might benefit from adjuvant cancer therapy. Our study is by far the largest systematic investigation of the impact of pT classification, tumor grade, as well as vascular invasion in patients with both pelvic and ureteral UCs with respect to metastasis-free survival.
Outcome of patients in our series was significantly associated with pT classification, thus confirming investigations by others. 5, 8, [10] [11] [12] [13] [15] [16] [17] 20, 22, 24, 25 Regarding pT3 pelvic cancer, our data demonstrating significantly poorer outcome of patients with UCs showing macroscopic parenchyma and/or fat invasion compared with patients with UCs showing microscopic parenchyma invasion only are in line with two previous studies. 35, 36 They reported that pT3 UCs with extensive parenchymal invasion (defined as invasion deeper than 5 mm) had a prognosis similar to that of pT4 tumors, whereas pT3 UCs without extensive parenchymal invasion (including cases with intraductal spread only) had a prognosis similar to that of pT1/pT2 disease. In their investigation, fat invasion lacked prognostic significance. In another investigation, however, Komatsu et al 37 noted that none of six patients with pT3 UCs showing only renal parenchyma invasion died of the disease and that their prognosis was significantly better than that of 11 patients with pT3 UCs invading peripelvic and/or periureteral fat. More recently, Olgac et al 22 subdivided 39 pT3 pelvic UCs into three groups defined by (i) sinus fat invasion, (ii) renal parenchyma invasion, and (iii) hilar fat invasion. At the last follow-up, all four patients with Prognosticators of upper tract urothelial cancer C Langner et al sinus fat invasion were alive (one of them with metastatic disease). In summary, the current pT3 category of renal pelvic cancers, defined as 'invasion beyond muscularis into peripelvic fat or renal parenchyma' by the UICC, seems to comprise a heterogeneous group of patients. From a practical point of view, this tumor category could be subdivided by prognostic impact (similar to the recent change in the classification of bladder UCs) into two categories, with one group (pT3a) showing renal parenchyma invasion on a histological level only and the other (pT3b) revealing parenchyma invasion already at gross inspection of the resection specimen and/or showing tumor spread into peripelvic fat. Mere intraductal involvement lacked prognostic significance in the analysis of Yoshimura et al 36 and in our series. In consequence, mere intraductal involvement could be excluded from pT3 disease.
Tumor grade was associated with prognosis in univariate analysis, but lacked independent influence on patient outcome with respect to metastasisfree survival in our series. Similar observations have been made in other studies, 8, 11, 12, [15] [16] [17] [22] [23] [24] whereas only one investigation has identified tumor grade as an independent predictor of overall survival, but not of cancer-specific survival in patients with upper tract cancer. 18 The new two-tiered grading system, however, has only twice before been applied with respect to prognostic impact in upper urinary tract tumors. 22, 24 In our study, the reclassification of moderately differentiated (G2) tumors into either low-or high-grade cancers proved to be feasible, revealing statistically significant poorer outcome of former G2 cancers that were reclassified as highgrade cancers compared with former G2 that were reclassified as low-grade cancers. Moreover, in the multivariate analysis, the two-tiered system only just missed statistical significance indicating another possible advantage of the new system. It should, however, be noted that no former welldifferentiated (G1) UC progressed, whereas nearly 15% of low-grade cancers according to the twotiered system developed metastatic disease. This finding indicates that the possible advantage in identifying high-risk patients using the new system is paralleled by a loss of sensitivity with respect to the identification of low or no risk patients. Further studies including bladder cancer cases are needed to clarify this issue.
Angioinvasion was detected in 38% of cases in our series. It was associated with high tumor stage and grade, and proved to be the strongest predictor of poor patient outcome. Comparable observations have been made by other groups detecting vascular invasion in 25-47% of cases with prognostic impact both in univariate 14, 17, 22, 38 and multivariate 23, 24, 29 analyses. Owing to the large sample size, we were able to demonstrate that the prognostic impact of vascular invasion increases with increasing pT classification and grade, as has recently been reported for bladder cancer. 39 Thus, in our series, the presence of lymph and/or blood vessel invasion doubled the progression rate in pT1-pT2 and/or low-grade cancers, while it quadrupled the progression rate in pT3 and/or high-grade cancers. More than 90% of pT3 UCs and more than 80% of highgrade UCs showing vascular invasion developed metastatic disease, rendering affected patients as ideal candidates for systemic adjuvant cancer therapy.
In conclusion, high pT classification and presence of vascular invasion proved to be the only independent prognostic factors with respect to metastasisfree survival in patients with upper urinary tract UC. The negative influence of vascular invasion on patient outcome was strikingly strong in high pT classification and high-grade cancers. Presence (or absence) of vascular invasion should be commented on separately in the pathology report. The recent two-tiered grading system only just missed independent influence on patient outcome. It may be superior to the WHO 1973 system with respect to the identification of patients at high risk for failure. However, further studies including bladder cancer cases are necessary to clarify this issue.
